Recently, it has been demonstrated that left atrial distension and aortic stiffness have a predictive value for cardiovascular outcomes especially in high-risk, elderly, and hypertensive adults.
Introduction
HEART disease was found to be a major cause of death worldwide. The high prevalence of risk factors that predispose Coronary Artery Disease (CAD) even after proper management of previous acute coronary syndromes will increase the incidence of the future acute coronary syndrome [1] .
Atherosclerosis is a combination of two processes: Atherosis and sclerosis. Sclerosis depends on aortic stiffness that indicates deterioration of aortic elastic properties. It was demonstrated that increased aortic stiffness even in non-diabetic patients, is associated with elevated cardiovascular risk through increased ventricular mass and diminished diastolic coronary perfusion [2] .
Aortic stiffness could be assessed by different methods including invasive and non-invasive techniques [3] . Aortic stiffness was found side by side with Central Pulse Pressure (CPP) to be predictors of Coronary Artery Disease (CAD) [4] . It also predisposes to carotid intima-media thickening, atheroma formation, and plaque rupture which may play a major rule in the pathogenesis of acute cardiovascular events [5] . The function and structure of left ventricle are also influenced by aortic stiffening [6] .
The diastolic mitral valve opening leads to transmission of the filling pressure of left ventricle to left atrium causing that its size is to be affected by the same factors of diastolic filling pressure.
Recently, it has been demonstrated that left atrial distension and aortic stiffness have a predictive value for cardiovascular outcomes especially in high-risk, elderly, and hypertensive adults [7] . The goal of the present study was to demonstrate the relationship between echocardiographic parameters including left atrium volume index and aortic stiffness and severity of angiographic pattern of coronary artery disease.
Patients and Methods
The study was conducted as a prospective observational cohort single-center study from May 2016 to May 2017, at Cardiovascular Medicine Department, Tanta University Hospitals in Gharbia Governorate, Egypt.
The study included 472 consecutive adult patients of both genders who were diagnosed with chronic stable coronary artery disease and were candidates for invasive coronary angiography. 372 of them were excluded because they met the exclusion criteria. Finally, 100 patients were enrolled in the study. An informed consent was taken from all participants.
Each patient was subjected to echocardiographic assessment for Left Atrium Volume Index (LAVI) and Aortic Stiffness Index (ASI) followed by invasive coronary angiography for assessment of severity of coronary artery disease by Gensini score. Patients were classified into 3 groups by Gensini score: Group I (Gensini score equal zero), Group II (Gensini score more than 0 and less than 20) and Group III (Gensini score equal or more than 20) .
Patients included in this study were adult patients aged over 18 years old who would subjected for invasive coronary angiography for evaluation of the severity of coronary artery disease.
Exclusion criteria were patients with reduced EF (<50%), acute coronary syndrome within 2 weeks, decompensate heart failure, atrial fibrillation, congenital heart disease, valvular heart disease, cardiomyopathies, decompensated liver disease, end-stage renal disease and finally patient under 18 years old.
All included patients were subjected to detailed history taking (for age, gender and history of risk factors for CAD), clinical examination, twelvelead electrocardiogram, laboratory investigations, echocardiographic examination (for assessment of diastolic function, left atrium volume and aortic stiffness) and finally invasive coronary angiography (for assessment of CAD).
Echocardiographic examinations were done for every patient with Vivid 7 dimension; (General Electric Medical Systems, Horten, Norway) equipped with a 2.5-MHz variable-frequency transducer. Standard views were performed according to American Society of Echocardiography with ECG tracing and were obtained in 2D and color TDI modes [8, 9] .
In apical 4-chamber and apical 2-chamber views, the biplane area-length method was used to assess the LA volume that occurs at ventricular end systole measured just before the opening of the mitral valve (end of T wave on ECG) Fig. (1) [10] .
Left atrium volume was indexed to body surface area. BSA was calculated by a simple and commonly used formula (Mosteller formula) [11] . Ln (SBP/DBP) refers to the natural logarithm of the relative blood pressure [12] .
Blood pressure was measured at the end of echocardiographic evaluation in the supine position. AoD and AoS were evaluated off-line by the principal investigator blinded to the identity of the subject.
Angiographic evaluations were done by two experienced operators, who were blinded to the study. The extent and severity of CAD were assessed by Gensini score. The Gensini score was obtained by assessment of the severity of lesion as it is expressed by specific score (reductions of 25%, 50%, 75%, 90%, 99%, and complete occlusion were given Gensini scores of 1, 2, 4, 8, 16, and 32, respectively) then it was multiplied by the score of functional importance of the affected segment of the vessel [13] .
Statistical presentation and analysis of the present study were conducted, using the mean, Standard Deviation (SD), chi-square test, ANOVA test and ROC analysis by SPSS Version 20.
Subjects were informed about the purpose and procedure of the study and benefits of sharing in it. Ethical considerations of the study were carried out according to that of Declaration of Helsinki. 
Results
The sample was divided according to the angiographic severity of coronary artery disease by Gensini score into three groups: Group I (Gensini score equal zero, n=24), Group II (Gensini score more than 0 and less than 20, n=21) and Group III (Gensini score equal or more than 20, n=55).
One hundred patients, fifty-one men (51%) and forty-nine women (49%) were enrolled in the study. Their age ranged from 31 to 74 years. There was no significant difference between the 3 groups regarding age and sex distribution among the study population.
There was no significant difference between the 3 groups regarding the clinical and laboratory characteristics of the study population except for Triglyceride (TG) (p=0.004) ( Tables 1,2 ).
There was a statistically significant difference between the 3 groups regarding LAVI ( p=0.002) and ASI (p=0.05) among the study population (Table 3) . While there was no significant difference between the 3 groups regarding other Echocardiographic characteristics except E/A ( p=0.011), E/è (p=0.008) and IVRT (p=0.019) ( Table 6 ).
The Receiver Operating Characteristics (ROC) analysis was performed to compare the performance and predictive accuracy of LAVI and ASI for predicting severity of CAD. The Areas Under the Curve (AUC) for LAVI and ASI were 0.497, and 0.151 (p=0.984, p=0.040, respectively).
The LAVI carried sensitivity of 67% and specificity of 49.5% in predicting CAD with cutoff value >19.5. While the ASI carried sensitivity of 66.7% and specificity of 21% in predicting CAD with cutoff value >2.88. So, these indices do not have a strong predictive value for severity of CAD ( Table 4 ).
The significant relation between ASI, LAVI and prediction of severity of CAD were affected after adjustment for other variables affecting severity of CAD such as; E/è, E and IVRT (Table 5 ).
There was no significant correlation between Coronary angiographic score and different variables among the study population except for ASI, E, E/A and IVRT which showed statistically significant positive correlations with coronary angiographic score with p-value 0.001, 0.001, 0.001 and 0.001 respectively and except for è and á which showed statistically significant negative correlations with coronary angiographic score with p-value 0.005 and 0.026 respectively (Table 7) Figs. (3,4) . 
Discussion
Heart disease was found to be a major cause of death worldwide. The high prevalence of risk factors that predispose to CAD even after proper management of previous acute coronary syndromes will increase the incidence of the future acute coronary syndrome [1] .
The diastolic mitral valve opening leads to transmission of the filling pressure of left ventricle to left atrium causing that its size is affected by the same factors of diastolic filling pressure. Recently, it has been demonstrated that left atrial distension and aortic stiffness have a predictive value for cardiovascular outcomes especially in high-risk, elderly, and hypertensive adults [7] .
The goal of the present study was to demonstrate the relationship between echocardiographic parameters including left atrium volume index and aortic stiffness and severity of angiographic pattern of coronary artery disease.
The most important finding of the present study was that there was a significant correlation between aortic stiffness index and Gensini score. In this study, ASI showed statistically significant positive strong correlation with the coronary angiographic score (p=0.001). ASI showed a significant difference between study groups (p=0.05). ASI carried sensitivity of 66.7% and specificity of 21% in predicting CAD with cutoff value >2.88. So, this index does not have a strong predictive value for severity of CAD. This might be due to other study limitations that are needed to be controlled in further studies.
It was noticed that there was lack of studies that used ASI and Gensini score as determinants of severity of aortic stiffness and coronary artery disease respectively for assessment of the relation between aortic stiffness and coronary artery disease. Yet, van Popele et al., measured aortic stiffness by pulse wave velocity from the carotid to the femoral artery whereas coronary atherosclerosis was assessed by total calcium score with the results showed that aortic stiffness was associated with atherosclerosis of the coronary arteries in elderly subjects in agreement with the current study [14] .
In addition, YT. Kao et al., reported that after dividing the study population into 2 groups by age over and under 50 years of age, the ASI positively correlated with the presentation of at least one >50% coronary stenotic plaque in patients aged >_50 years, as assessed by a 64-slice cardiac computed tomography angiography [15] .
So it could be suggested that aortic stiffness index can be considered as one of the promising parameters for diagnosis of presence or severity of coronary artery disease.
As regard LAVI, the present study found that there was a significant difference between groups of different severity of coronary artery disease ( p= 0.002). Subgroup analysis revealed that there was significant positive relation which was mainly between Groups II, III (non-severe and severe coronary artery disease). It was also noticed that mean LAVI of Group I was of higher value than mean LAVI of Group II. Also, LAVI carried sensitivity of 67% and specificity of 49.5% in predicting CAD with cutoff value >19.5. It may be due to the unreliable size of the population of both groups in relation to Group III and higher prevalence of hypertension among the Group I than Group II. So, this index does not have a strong predictive value severity of CAD.
This came in concordance with the study conducted by N. Roy et al., where LAVI was found to correlate positively with Gensini Score ( p<0.001) in 500 subject population of acute myocardial infarction [16] . This came also in agreement with the study conducted by A. Bacaksiz et al., who reported that LAVI was increased in patients with acute myocardial infarction in relation to Gensini score (p<0.01) in a study of 160 subject population [17] .
So, it could be suggested that LAVI provides a promising parameter for diagnosis of presence or severity of CAD, but this conclusion needs to be re-evaluated with more studies with fewer limitations.
As regards the significant difference of TG between study groups, S. Phababpha et al., reported that a significant elevation of serum TG and reduction in serum HDL levels was found in severe CAD group in comparison with other two groups [18] . J. Tarchalski et al., showed that Gensini score was positively correlated with total cholesterol, LDL cholesterol, and TG. There was a negative correlation between Gensini score and HDL cholesterol. The disagreement with the present study may be due to the small sample size of the present study and the results need to be re-evaluated with larger sample size [19] . So the rule of lipid profile as a predictive factor for CAD may need further assessment.
As regards other echocardiographic parameters, the present study showed that the most valuable parameters with statistically significant difference between study groups were E/A, E/è, and IVRT.
A. Bacaksiz et al., reported that IVRT had no significant correlation with Gensini score in patients with acute myocardial infarction in a study of 160 subject population, and E/è was significantly correlated with severity of CAD with p=0.04. While L. Mal et al., found the significant correlations between E/è, è with CAD severity ( p=0.031 and p=0.033 respectively) [17, 20] .
The disagreement between the present study and other studies as regards the echocardiographic parameters may be due to the small sample size of the present study and different inclusion and exclusion criteria between studies. So, it could be suggested that IVRT, E/A, and E/è may be considered of diagnostic parameters for the presence or severity of CAD. Other echocardiographic parameters need to be evaluated to be considered as predicting parameters.
Conclusion:
It was demonstrated that there is a significant elevation of aortic stiffness index and left atrium volume index within the group of patient with the higher Gensini score. Therefore, ASI and LAVI could be used as promising factors for the evaluation of the severity of coronary artery disease.
